In this paper, a new adaptive compression strategy based on the A* algorithm called SA* algorithm is proposed which combined the data compression with the heuristic method. A new evaluation function construction method is devised for the SA* algorithm, which is suitable for the frequency optimization of data compression. The simulation experiments are carried out to compare the adaptive compression algorithm based on heuristic search with the traditional equal-interval sample method applying Matlab platform, the experimental results show that the adaptive compression strategy based on A* algorithm can reduce the storage space of the data with lower distortion, and reach the balance of the quantity and quality of the data. This algorithm will be used to deal with the problem of large amount of historical load data in SCADA system, and it has the phenomenal ability to capture the tendency of changing load data, reducing the burden of the network and information processing system. The data cleaning and load forecasting time can be reduced as well.
Introduction
With the rapid development of the current socio-economic and scientific technology, the demand for electricity and grid load is increasing from all sectors of society. The load data of high quality and the load forecasting result of high accuracy are very important for the planning, operation and control of power system, and have the far-reaching significance to improve the security, stability and economy of the power grid [1] . At present, with the development of the automation of electric power operation which has been applied to monitor and control the operation equipment of power system. The quantity of data collected by SCADA system in time becomes larger [2] [3] , and then the collected data are stored into historical database, which causes heavy burden to the network [4] and information processing system as well as increases the processing time to data cleaning, load forecasting [5] [6] [7] [8] [9] . Because of the more and more intelligent of the power grid, to improve the accuracy of load forecasting, demand for the accuracy of the data increases. Meanwhile, the increase of the sampling frequency has a heavier burden in information system, and reduction of processing capacity on information system becomes significant, a large amount of data storage is a big challenge to historical database as well.
Efficient data compression algorithm can reduce the amount of data and improve the utilization ratio of the data, the data compression using reasonable storage strategy can further reduce data storage space and the burden on the system. SCADA system of historical data compression generally use lossy compression algorithm. It can be divided into 3 categories: signal transformation method, vector quantization method, and piecewise linear method. These all traditional data compression method is on the basis of equal interval sampling to data compression, which cannot avoid the disadvantages of static sampling from original database, so the traditional data compression method has been unable to meet the demand of the system [10] . Therefore, this paper proposes an efficient data compression technology aiming at reducing the amount of data and guaranteeing the data information at the same time. Based on the analysis of the historical load data in real time in the power system, so as to constantly adjust the sampling frequency. As a result, the sampling frequency can capture the data under test in real time, accurately. The adaptive data compression can reduce the storage as well as achieve the purpose to improve the cleaning efficiency of the late data.
In this paper, the organizational structures as follows, Section 2 introduces correlation algorithm; Section 3 introduces load data compression procedure; Section 4 presents the experimental results and analysis; And there is a conclusion finally.
The Principle of Adaptive Compression Algorithm Based on A* Algorithm

A * Algorithm
In the field of intelligent control, heuristic search is a kind of important method. It is the simulation of the human brain about cognitive model, which weighs the part of possibility but not all, and gives the last judgment [11] .
A* algorithm is an important kind in the heuristic algorithm, it is widely applied to the optimal path to solve and some strategies in the design [12] . Algorithm uses heuristic function to find the terminal point to the starting point with minimum cost, the general form for evaluation function of the node n is [13] [14] [15] [16] .
( ) ( ) ( ) f n g n h n  
(1) In the formula (1), () fn represents that valuation function from the initial points to the target point through the current extension point, it is the sum of two parts. 1) () gn represents the actual cost from the initial search point to the current extension point (usually expressed in depth, values are not fixed). 2) () hn represents the estimated value from the current extension point to the target node ( the most important part of the search, values are fixed ).
SA * Algorithm.
In the process of searching the optimal solution of the set  , the common search strategy is improved, which makes it more suitable for the search of optimal frequency in this paper.
In the search of the optimal solution, considering the valuation function which is commonly used in the search target node n this paper designs a valuation function which is suitable for the frequency optimization.
In the formula (2), () fn represents that valuation function from the initial points to the target point through the current extension point, it is the sum of two parts. 1) () yn represents the actual cost of the current extension point； 2) () yn  represents the estimated value from the current extension point to the target node.
Sampling Strategy
Usually, the change of the normal load data is a smooth curve, and environment or other causes lead a significant influence on the change of the date, so the data information should be retained in order to ensure information from data and to achieve the aim of on-demand compression. When the change of data is smooth, the sampling points of historical data should be reduced; when the change of data is dramatic, the sampling points of historical data should be increased [17] [18] [19] [20] . The sampling frequency of compression algorithm with traditional high quality is static, designed to greatly reduce the data storage space and improving the efficiency of data storage. However, it cannot eliminate the insufficiency of interval sampling of the raw data, so it cannot meet the needs of the compression of load data. The disadvantages of the sampling interval can be divided into two kinds: when the sampling interval is too large, though it reduces the burden of data storage space and the management of information system, it can make the distortion degree of data become bigger, leading to the loss of information, and unable to maintain the characteristics of the data itself. when the sampling interval is too small, though it can ensure the characteristics of the data itself, it increases the burden on the processing of information system, which is not conducive to later analysis of data [21] [22] . In order to eliminate the influence of these factors, this paper presents a method of adaptive compression according to the curve features of load data. Therefore, the allowable fluctuation range for the values of load data should be given in a period of time.
Assuming that the minimum value of fluctuation of the load data is m i n  while the maximum value is m ax  , the specific sampling strategy is as follows,
(1) When the fluctuation of the load data is smaller than m i n  , the data change is not obvious, and can decrease the sampling frequency, sampling and storage of little valuable data, to reduce the burden of management of information system at this time;
(2) When the fluctuation of the load data is larger than m ax  , the data change is obvious, and can increase the sampling frequency to improve the amount of information of the load data and to provide full information for later analysis of data at this time;
(3) When the fluctuation of the load data is between m i n  and m ax  , the sampling frequency keeps unchanged at this time.
In the above strategy, m i n  and m ax  should be determined by the rate of statistical average data from the historical database.
Load Data Compression Procedure
Adjustment Strategy of Sampling Frequency
Based on the characteristics of the normal curve of load data [23] , adaptive data compression method is to reduce the sampling frequency when data changes smoothly, in order to reduce the load of information processing system; when the change of data is dramatic, the sampling frequency should be increased to keep the amount of information of the data. This method firstly calculates variations in the data in a period of time, and then judges the changes of data according to the given range of fluctuation, and the last is to adjust the sampling frequency [24] [25] .
Definition In order to realize the sampling strategy, which can be defined the average change of the load data in a period of time as, -In the sampling period, the data is allowed to fluctuate within the minimum average value relative to a moment before;
Maximum value of the average fluctuations m ax  -In the sampling period, the data is allowed to fluctuate within the maximum average value relative to a moment before;
k-in the sampling period, monitoring points should be considered in average movement;
n -the sequence of sampling points in the current time;
() s Sv  -the data set after the adaptive compression;  -a collection of y (3), if the calculation result is smaller than m i n  , then search the optimal solution within the data set to achieve the aim of reducing sampling frequency; if the calculation result is bigger than m ax  , then search the optimal solution within the data set to achieve the aim of increasing sampling frequency; otherwise, just to keep sampling frequency.
The calculated y  in the current step will be put into data sets  , while sampling data will continue to be input to data sets () s Sv  .
The Realization of the A* Algorithm on the Frequency Selection
The solution of optimal frequency search process can be viewed as a state space search process. The process of starting point as a sampled data of the first cycle, the purpose is find the optimal frequency value is the target node is the optimal sampling frequency and keep the original characteristic curve and reduce the data storage space. Using the heuristic search algorithm of optimum frequency selection of sampling, should first consider how to construct () fw . According to the compressed data distortion to represent the extension point to the target node to estimate the value of () fw ,
In the formula (4), () yw represents the sampling frequency of w , the data distortion;
() yw  represents the best sampling frequency of w , the distortion of the data.
Calculating () fw according to the size of the values of () yw and () yw  , in combination with the main idea of the A* algorithm to find the optimal sampling frequency, which can be completed by the following steps. 1)Initialization;
2) Within the current sampling time, comparing the calculated data y  with the date in the data set  ;
International Journal of Multimedia and Ubiquitous Engineering Vol. 12, No.4 (2017) 3)To evaluate and calculate the sampling frequency in the current node, the distortion degree of compressed data, namely the valuation function as shown in the (4); 4)To sort all frequency according to the distortion degree in the data set  ; 5)Choosing frequency set according to the size of the distortion degree; In the proximal data set, to detect the valuation function of the remaining nodes and to select a frequency value with minimum distortion degree; 6)To end the search, and to remember the optimal frequency sampling value of the current node 7)Before the arrival of next sampling time, to find the optimal frequency sampling values of the time according to the above method to loop iteration repeatedly until meeting the termination conditions of algorithm, finally to output the best data sample point.
Figure 1. The Flow Chart of Load Data Compression Step
The Analysis of Experiments
This experiment takes load data from a province in 2015 as sample, using the traditional interval sampling method and the adaptive sampling algorithm for simulation experiments. The first is to make the division between the daily load curve and its daily power consumption, which can avoid the problems of large daily load data and maintain the original characteristics of the load curve at the same time. The sampling interval of sample data is 5 min, the points of daily load data is 288. Figure 2and Figure 3 for the results of simulation diagram, it can be clearly seen that all the sample points use interval sampling are equally spaced through the comparisons between two figures, while the distribution of the sample points use adaptive sampling is uneven. In adaptive sampling, when data curve fluctuations are relatively flat, there are few data sampling points; while in the area where the data curve's volatility is larger, the points of data sampling are more, having the strong ability to capture data-changing trend. This is the effect of adaptive compression algorithm proposed in this paper. Through the comparison between interval sampling and adaptive sampling, in the acute phase, the data change in interval sampling has been using the same sample frequency, distortion degree of the data is higher, which can lead to the loss of information of data and cannot show the features of the original data; while use the adaptive sampling in this phase, the distortion degree of the data is relatively lower. In the gentle phase of the change of data, the number sampling points in this phase is as dense as that in dramatic area in interval sampling, which increases the number of mining point of the load data and brings the burden for later processing of data, while use adaptive sampling in this phase can show the original features of the data with few sampling points. Table 1 is the data analysis, the distortion is divided into 4 levels, the 0 is the lightes Comprehensive two indicators: distortion and sampling rate, the comparison shows that the adaptive compression algorithm is obviously superior to the traditional interval sampling method, such as the sampling results in guaranteeing to reduce the amount of data and the reflection for characteristics of the original data at the same time, which is in favor of the later processing work of the data. 
Conclusions
Traditional interval sampling methods cannot achieve the aim of on-demand compression, so an adaptive compression algorithm is designed in this paper. This algorithm can reduce the amount of data without losing track of critical information about load data at the same time, and reduce the burden of the network and information processing system, the cost of the later work, such as data cleaning and load forecasting, additionally, it has provided the security for the safe and stable operation of interconnected power grid. Through the verification and analysis for the matlab simulation experiment, compared with the traditional sampling method, adaptive compression method has some advantages, for example, the ability to capture the change trends for load data is stronger, and is a kind of feasible and substituted method to the storage of load data compression.
